Introduction
The application of N-heterocyclic carbenes (NHCs) in phosphorus chemistry has led to some remarkable discoveries in recent years and is a growing field with considerable impact. The most general feature of NHCs is their tendency to react at the 2-position with electrophilic P III compounds, leading to the corresponding 2-phosphanyl-substituted imidazolium salts or to donor-acceptor complexes of the NHC and the respective P-centered moiety. 1, 2 In contrast, only a few examples are known where the 4/5-position of NHCs can be selectively addressed to yield 4/5-phosphanyl-substituted NHCs or imidazolium salts. Reactions are reported involving inter alia phosphaalkenes 3 and chlorophosphanes. 4, 5 In 2009 Gates and coworkers observed the unusual reaction of 1,3-di(mesityl)imidazolin-2-ylidene 1 with phosphaalkene MesPvCPh 2 to afford the first example of a neutral 4-phosphanyl-substituted NHC 2 (Scheme 1, top). 3 Shortly afterwards, Bertrand and coworkers observed the rearrangement reaction of 2-phosphanylsubstituted imidazolium salt 3[Cl] to the 4-substituted derivative 4 when treated with a base (e.g. KHMDS; Scheme 1, middle). 4 The neutral 4-phosphanyl-substituted NHCs 2 and
Results and discussion
The reaction of chlorophosphanes R 2 PCl (R = Cy, Ph) with Me 3 SiOTf and NHC 8 12 in a precise 1 : 1 : 1 reaction gives the corresponding 2-phosphanyl-substituted imidazolium salts 9a, b [OTf ] in excellent yield (9a[OTf ]: 91%; 9b[OTf ]: 99%; Scheme 2). The 31 P NMR spectra of the purified, colorless solids show a singlet resonance in each case (9a + : δ(P) = 12.7 ppm; 9b + : δ(P) = −5.1 ppm), which is significantly upfield shifted compared to the respective chlorophosphanes (Cy 2 PCl: δ(P) = 127.1 ppm; Ph 2 PCl: δ(P) = 81.9 ppm) 13 due to the presence of the imidazolium substituents. Suitable single crystals for X-ray analysis are obtained by slow diffusion of n-hexane into a saturated CH 2 Cl 2 solution of 9b[OTf ] (Fig. 1) . The P-C bond lengths (P-C1 1.8437(9) Å, P-C28 1.8205(10) Å, P-C34 1.8249(10) Å) are in the expected range of a P-C single bond (1.83 Å) involving a tri-coordinate phosphorus atom. + is depicted in Fig. 1 . The P-C bond lengths in this cation (P-C2 1.831(4) Å, P-C28 1.827(4) Å, P-C34 1.830(4) Å) are in the same range as those observed for the structural isomer 9b + and compound 4 (P-C2 1.8124(12) Å, P-C Ph1 1.8318(14) Å, P-C Ph2 1.8388(13) Å).
Compared to 9a,b[OTf ], a pronounced high field shift is observed in the 31 P NMR spectra for the 5-substituted derivatives 10a,b[OTf ] (10a + : δ(P) = −15.2 ppm; 10b + : δ(P) = −28.9 ppm). This can be explained by the stronger σ-donor abilities of the carbon atom in the 5-position compared to the 2-position, [15] [16] [17] [18] and the weaker electron withdrawing effect of only one N atom in β-position to the P atom. The 1 H NMR : P-C1 1.8437(9), P-C28 1.8205(10), P-C34 1.8249(10); C1-P-C28 107.15(4), C1-P-C34 100.59(4), C28-P-C34 101.71(4) and 10b + : P-C2 1.831(4), P-C28 1.827(4), P-C34 1.830(4); C2-P-C28 100.22 (16) (Fig. 3) . The molecular structure of cation 14b
2+
shows the expected tetra-coordinate bonding environment at the P atom and slightly shortened P-C bond distances (P-C2 1.810(2) Å, P-C28 1.782(2) Å, P-C34 1.787(2) Å, P-C40 1.790(2) Å) compared to cation 10b + . Selected geometrical parameters are given in Table 1 .
One of the oxygen atoms of one triflate anion shows a close contact to the Cl1 atom that is well within the sum of the van der Waals radii (O4⋯Cl1 2.813(2) Å; r A(O) + r A(Cl) = 3.21 Å). 19 Also the almost linear C1-Cl1-O4 angle of 170.879(6)°is indicative for a strongly directional rather than purely electrostatic interaction, namely a halogen bonding. This effect might be attributed to a slightly increased electrophilic character of the Cl1 atom caused by the high group electronegativity of dication 14b 2+ (vide infra).
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The quantitative oxidation of 10a, was also confirmed by X-ray crystallography (Fig. 3) . The P-F bond (1.5612(19) Å) is substantially shortened compared to the P-F bond lengths in 15b + (vide supra), which is in agreement with the change of hybridization from sp 2 to sp 3 at the P atom.
The same trend is observed for the P-C bonds to the phenyl substituents in 16b 2+ (P-C28 1.778(3) Å, P-C34 1.769(3) Å) compared to 15b + (P-C28 1.808(3) Å, P-C34 1.804(3) Å). Similarly, the P-C2 bond length in 16b
nificantly shortened compared to that in 15b + (P-C2 1.826(3) Å). Selected geometrical parameters are given in Table 2 .
In order to shed light on the reactivity of dications 14a,b , and 16b 2+ of the respective triflate salts; hydrogen atoms, solvent molecules and anions are omitted for clarity and thermal ellipsoids are displayed at 50% probability. Selected geometrical parameters are given in Tables 1 and 2 . +0.30e (M-K), +0.01e (Mull)) which are bonded to the imidazolium ring, whereas the Cl1 atom, bonded to the 2-position, is more positive. The MEP surface illustrates that the imidazolium ring has the highest charge, however, it is not accessible for a nucleophilic attack due to steric effects. In sharp contrast, the Cl1 atom is very exposed and presents a σ-hole -a well defined positively charged region on the extension of the C1-Cl1 bond. 20 (Fig. 7) . The Ag atom is in an almost linear arrangement between the two Fig. 7 and selected geometrical parameters are given in Tables 1 or 2 omitted for clarity and thermal ellipsoids are displayed at 50% probability. Selected geometrical parameters are given in Tables 1 and 2 . is also in line with the coordination to transition metals. 16 The NHCs are very electron deficient (weak σ-donor), which is promising for interesting follow up chemistry (vide infra). [OTf ] is extremely sensitive and decomposes readily in solution which prevents its isolation. In 2010 Bertrand and coworkers reported on the activation of the primary phosphane PhPH 2 using NHC 26 39 and isolated the insertion product of the oxidative addition 27 in high yield (Scheme 8I). 39 Only recently, Radius and co-workers reported on the dehydrogenative coupling of primary and secondary phosphanes utilizing the more electron deficient NHC 28 (Scheme 8II). 40 For the 1 to 2 reaction of 28 with Ph 2 PH an oxidative addition of the phosphane into the carbene moiety followed by a reductive elimination of the corresponding diphosphane and the 2,3-dihydro-1H-imidazole 29 was assumed. 40 Similarly, the reaction of prim. and sec. phosphanes with the electron deficient cationic NHC 17b + was performed. shows a singlet resonance at δ(P) = −16.3 ppm which can be attributed to Ph 4 P 2 40 and a singlet at δ(P) = 12.1 ppm, corresponding to the byproduct which is formed during the reaction. Fig. S2 .6 †). The 31 P NMR spectrum for the reaction of 2 eq. i Bu 2 PH with 17b[OTf ] shows a singlet at δ(P) = 13.5 ppm for 30 2+ and a singlet resonance at δ(P) = −52.4 ppm which is attributed to i Bu 4 P 2 . Small amounts of unreacted i Bu 2 PH give rise to a doublet resonance at δ(P) = −83.7 ppm due to a slight excess of the inserted phosphane in the reaction (see Fig. S2 .7 †). No conversion is observed when 2 eq. of the more sterically encumbered t Bu 2 PH is reacted with 17b[OTf ], leading to the assumption that the dehydrogenative coupling reaction maybe limited by the steric demand but not necessarily by electronic effects of the corresponding substituents on the phosphane.
The equimolar reaction of cationic NHC 17b + with primary phosphane PhPH 2 in 1,2-dichloroethane at ambient temperature led to the formation of cyclo-phosphanes Ph 3 P 3 , Ph 4 P 4 , Ph 5 P 5 and Ph 6 P 6 (>90%) along with small amounts of unidentified side products and imidazolium dication 30 2+ .
The proton decoupled 31 P NMR spectrum of the reaction mixture revealed an approximate product distribution of the cyclo-phosphanes of which Ph 5 P 5 (ca. 84%) is found to be the main product (see Fig. S2 Scheme 10 Possible reaction mechanism for the P-P coupling reaction of 2 eq. R 2 PH with 17b + to R 2 P-PR 2 . Further reactivity studies of 17b[OTf ] were directed towards the synthesis of a cationic N-heterocyclic olefin (NHO). To proof the donor properties of cationic NHO 35 + , the triflate salt was reacted with one equivalent AuCl(tht) in THF at ambient temperature to afford the NHO gold complex 36 [OTf ] in good yield (71%, Scheme 12). The 31 P NMR spectrum of 36
[OTf ] reveals a slightly downfield shifted resonance at δ(P) = 9.6 ppm compared to the free ligand 35 + (δ(P) = 14.3 ppm).
The 1 H NMR spectrum of 36 + shows a singlet resonance for the CH 2 -group at δ(H) = 2.36 ppm, thus the two protons of the CH 2 moiety become magnetically equal upon coordination to the transition metal due to the free rotation around the C1-CH 2 bond (see Fig. S2 .11 †). The coordination of the gold chloride fragment to the CH 2 -group causes a pronounced high field shift in the 13 
Conclusions
In this contribution, we present a facile and high yielding syntheses of 2-phosphanyl-(9a, The isolation of the first NHC salts does impact the broad field of NHC chemistry since it allows the design of new charged systems (Chart 1). Thus, the opportunity of including a variety of different onio-substituents ( phosphanes, amines, pyridines 48 etc.) 49 allows for the introduction of additional cationic charges in 4/5-position. This should have a tremendous influence on the reactivity of the resulting carbenes which was already shown by a in situ formed pyridinio-substituted NHC derivative. 48 The introduction of a stereogenic center is feasible by the variation of the substituents at the phosphonium center, the substituents of the N atoms in the heterocycle, as well as the choice of counter-ions which makes the resulting systems interesting candidates for stereoselective transition metal or organo catalysis.
